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TRSXA.S.et  al.  2 

EXPERIMENTAL  CONTRIBUTIONS  TO  THE  LYMPHATIC  PATHOGENESIS  Of  1 

ANTHRAX  INFECTION. (Transl. f  roa  CeekoslovenskA  microbiologie,  1958,  3*  No.2,  ? 

,1 

!  p, 82-91.  Transl. by  Claudius  F.Maycr.K.D. .Washington, Sept. ,1959). 

I  JE 

i 

•  «  ■ 

; 

I 

i  (Pros  the  Microbiological  Branch.Biological  Institute, Csechoslovaklan  Academy  | 

of  Sclences.Praha,  and  the  Institute  of  Clinical  and  Experimental  Surgery, Praha). 

|  (Received  for  publication  7  Oct,, 1957), 

e  •  * 

1 

1  In  reference  to  the  sensitiveness  toward  anthrax  Infection  by  the  different 
pathways  of  infection, it  has  been  unanimously  shown  in  all  works  that  the  most  senslt- 
'  ire  is  the  cutaneous  entrance,  for  these  reasons,  B£ZE£DXA(1926)  concluded  that  the 
skin  Is  the  organ  of  anthrax  infection  and  of  anthrax  Immunity,  It  is  however  known 
that  the  anthrax  infection  can  be  also  provoked  in  other  ways,  especially  by  Injury 
of  the  mucosal  covers,  by  the  allmentazy  way  and  by  lnhalatlon(  HSU ^XA,  1927;  SOBEEN- 
EEIM.1931). 

>  It  was  shown  that, at  the  inhalation  of  the  infection,  the  anthrax  microbes  do 
not  remain  in  the  lung  tissue,  but  they  pass  from  the  lungs  into  the  mediastinal 
lymph  node s (BARNES,  1947;  HENDERSON  .PEACOCK  A  BSLT0N.1956;  R0SS,1957).  At  the  study 
,  of  the  cutaneous  inf ectlon.we  have  demons trated(TRHXA  et  al.,  1956)  that  the  skin's 
sensitiveness  depends  upon  the  possibility  of  the  microbes'  penetration  into  the 
lymphatic  vessels  and  that  with  the  lnjeotlon  of  the  spores  directly  into  the  lym¬ 
phatic  nodes, we  get  a  similar  or  oven  Increased  sensitiveness  toward  the  infection. 

This  actuality  is  la  agreement  with  the  known  fact  that  each  lntracutaneous  injec¬ 
tion  of  any  kind  of  matter  has  first  of  all  a  lymphatic  resorptlon(HUDACK  A  KcMAS- 

TER.1933;  ROWSON  A  MORGAN, 1965).  Later,  VIDDIOOMBS  et  al.(1956)  published  a  work  on 

!  i 

^  the  lymphatic  pathogenesis  of  aathrax,Theso  authors  have  followed  the  quantitative 

cultivation  of  an  amount  of  anthrax  mlorobes  in  the  lymph.taken  before  its  entrance 

i 

into  the  lymph  nodes  and  at  its  passage  through  the  lymph  node,  and  in  this  way  they 

i 

ascertained  the  remarkable  nxltlplication  of  these  microbes. 

5  Ths  object  of  this  work  Is  thee  to  deepen  the  knowledge  about  the  importance  of 
the  lymphatic  system  in  the  pathogenesis  of  anthrax, and  to  elucidate  the  entire  dy¬ 
namics  of  ths  development  of  anthrax  lnfection.Ve  come  from  our  experlenee  to  the 
statement  that,brlefly,by  taoeulatlon  of  the  infeotlon  It  ean  be  assured,  that  spores 
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are  caught  in  the  regional  lymphatic  nodes(  TfCTKA  at  al. ,  1956).  On  the  other  hand, 
the  work  ie  based  upon  a  few  never  methods  of  physiopathological  observation  of  the 
lymphatic  syctea(MALS?v  &  X0LC.1957)  and  upon  the  systematic  study  of  the  Importance 
of  the  lymphatic  system  in  the  pathogenesis  of  infection  and  intoxication,  for  ins- 
tanco.ln  tetaaus(MALEE,ROLO  *  2AX ,  1967 V. 

'  V, 

» 

\  MATERIAL  AND  METHODS. 


STRAIN.*  In  all  series  of  experiments .we  have  been  using  suspensions  of  spores 
'  which  we  prepared  from  standard  lyophlllted  stock  of  the  spores  of  the  U-5  strain  of 

i 

Bacillus  anthracis.  Ve  have  always  diluted  the  suspension  before  use.  and  have  coun¬ 
ted  the  microbes  by  pouring  the  suspension  on  agar  plates. 

I 

1  COUNTING  0?  SPORES  AND  BACTERIA.-  The  large  number  of  spores  or  vegetative  forms 

•  ' 

I 

of  bacteria  both  from  the  spore  suspensions  and  from  the  separate  tissues  and  organs 
(  after  preceding  pulverisation) (in  small  dishes)  ve  have  diluted  with  physiological 


(saline)  solution, and  from  the  individual  dilutions  we  poured  on  2-4  agar  plates.  On 

I 

the  24-hour,  cultures  ve  counted  the  number  of  outgrown  colonies, and  ve  always  deter- 
1  mined  the  resultant  number  from  the^  average  values  of  the  culture  plates  in  2  to  3 
calculatory  dilutions.  The  number  of  the  outgrown  colonies  from  the  various  dilutions 


was  never  different  at  recounting. 


(p.83)  INFECTION  07  SMALL  ANIMaLS.-  Ve  Infected  rabbits  and  guinea  pigs  subcuta. 

i 

neouely  and  lntraderrcally  according  to  the  current  method, at  the  rear  extremities. 

Into  the  popliteal  nodes  we  infected  by  the  following  methods:,  we  exposed  the  node 
by  a  email  incision  so  that  It  was  denuded  at  its  convexity, and  ve  took  care  that 
ve  should  not  Injure  either  the  afferent  or  the  efferent  lymphatic  vessels.  Ve  inject- 
/  ed  the  required  number  of  spores  into. the  nodes, always  as  much  as  possible  in  the 
smallest  amount  of  fluid(0.05  to  0.1  ml).  Into  the  lymphatic  veesele.vt  injected 
at  the  site  between  the  para-aortlo  left  node  and  the  lombal  cistern.  Ve  gained  so- 
c36s  to  the  vessel  by  laparotomy  la  the  midline.  As  control  groups  for  comparison, 
ve  used  rabbits  which  after  the  laparotomy  ve  injected  with  a  spore  suspension  into 
the  spleen.aad  rabbits  lnfeoted  subcutaneously  or  at  the  skin.  Diff treat  amount  of 
y  spores  was  always  injected  into  the  experimental  groups  of  animals  in  equal  amount  of 
fluid.  Vs  havs  lnfeotsd  sheep  by  intracntaneoue  puncture  into  the  shaved  part  of  the 
left  hing  extremity. 


(•▼•r) 
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PROPAGATION  07  INFECTION.-  Ve  have  followed  up  the  infection  in  the  rabbits  and 
guinea  pigs  by  cultivation  at  definite  time  intervals  introduced  in  the  experinental 
period.  Ve  killed  the  animals  by  bleeding  theta  to  death  with  the  aid  of  a  heart  punc¬ 
ture;  we  took  out  organs,  and,by  pulverising  them  in  small  dishes, we  carried  out  the 
cultivation.  Vo  cultivated  blood,  urine,  lymphatic  fluid  from  the  cittern  by  lumbal 
punctnre(only  in  rabbits),  inguinal  and  para-aortic  lysrph  nodes,  namely  bo/th  from 

the  Infected  and  from  the  opposite  side,  furthermore  spleen, 11 ver,lungs,and  the  site 

} 

of  the  injection. 

For  a  permanent  follow-up  observation  of  the  presence  of  B.anthracie  in  the 
blood  and  lymph,  ve  prepared  sheep  in  the  fallowing  ways-  to  eheep  of  about  30  Kg 
in  weight  each,  before  the  operation  we  have  given  100  mg  of  heroin  intravenously. 

In  a  slight  pentothal  anesthesia,  ve  exposed  the  thoracic  duct  by  a  section  at  the 
neck,  and  introduced  into  it  a  polyethylene  tubule  (cannula)  to  the  length  of  about 
1.5  to  2  cm.  The  other  cannula  was  Introduced  into  a  branch  of  the  left  jugular  vein 
and  we  connected  both  cannulas  with  a  short  rubber  drain  tube. Thus,  ve  obtained  an 
number  of  repeated  taking  of  lymph  vhlle  preserving  the  lymph-blood  circulation  for 
the  entire  duration  of  infection.  Ve  took  blood  by  means  of  the  polyethylene  cannula 
introduced  into  a  branch  of  the  right  jugular  vein,  to  the  lumen  of  the  vessel.  Durw 
lag  the  duration  of  the  exoerlsent,ve  administered  60  mg  of  heparin  to  the  sheep  at 
4-hourly  intervals  so  that  ve  vould  prevent  the  obstruction  of  the  cannula  by  a  blood 

t 

✓-coagulun.  The  administration  of .heparin  does  not  influence  the  course  of  anthrax  in- 
fcctloa.as  ve  have  made  it  sure  vlth  a  parallel  experiment  on  rabbits  vhich  ve  prov¬ 
ided  with  adequate  amount  of  heparin  at  the  neck.and  at  similar  intervale  as  the  eheep 

RESULTS, 

PROPAGATION  0?  ANTHRAX  INJECTION  XV  RABBITS  AND  GUINEA  PIGS. 

Y.'o  have  Infected  a  group  of  rabbits  subcutaneously  vlth  10  to  20  LD^qo  of  spores 
in  1  cl,  ve  have  killed  the  rabbits  vlth  a  heart  puncture  at  different  intervals 
from  G  to  144  hours  as  it  is  evident  from  TABLE  1,  Prom  the  killed  aniaals, ve  took 

<  material  for  cultivation.  The  results'  are  summed  up (TABLE  1)»-  from  the  killed  ania- 

*  \ 

alo  in  the  period  of  time  from  8  to  72  hours  after  the  Infection.ve  have  obtained 
predominantly  negative  cultures  from  all  materials.  Yet,  during  this  time  section, 
for  a  great  number  of  mlcroboo  ve  get  frequent  proof  of  their  Individual  destruo. 
tion  in  the  lymphatic  nodes.  In  two  animal s(  for  45  and  74  hours)  ve  found  tho  pro- 
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tenea  of  B.nnthracis  in  the  lywoh,  in  two  further  mbbits(  for  42  cad  72  hour*), other¬ 
wise  with  entirely  negative  finding*,  w*  have  cultivated  microbe*  from  the  lymph  and 
the  lungs. Further  positive  finding*  indicate  th/it,  beside  the  lyraoh  and  the  lunge, 
the  microbe*  could  be  caught  in  the  spleen  and  the  liver,  while  , still  in  the  same 
time,  the  cultivation  from  the  blood  was  negative(rabbits  killed  after  45,70  and 

120  hours).  Only  the  later  phase  of  the  Infection  which  is  at  individually  different 

I 

time  Intervals  in  a  few  animals.  Is  accompanied  by  positive  cultural  finding  In  the 

blood  and  In  all  tissues  of  the  animal e(Tab.l). 

{ 

i 

j  Because  already  by  8  hours  after  the  beginning  of  the  infection  we  had  not  found 
bacteria  present  In  the  organs  which  could  be  cultivated  we  made  also  use  of  larger 
lnfectlonal  doses(  5  million  spores)  ,and  we  cultivated  at  short  time  intervals, 

i 

namely  at  5,10,15,and  30  minutes,  and  at  l,2,ani  4  hours.  In  these  short  time  inter- 

i 

vals,  we  found  spores  not  only  in  the  subcutaneous  tlssue(at  the  site  of  the  punc¬ 
ture)  and  in  the  regional  lymphatic  nodes,  but 'also  in  the  urine  and  leolatedly  in 
the  blood(Tabl*  1).  From  this  it  is  obvious  that  the  subcutaneous  injection  of  the 

i 

spores  leads,baside  their  localisation  in  the  lymphatic  nodes,  also  to  a  direct  In¬ 
vasion  into,  the  blood  through  the  subcutaneous  capillaries. 

Va  divided  into  four  groups  the  cultural  results  la  rabbits  which  were  acquired 
iu  the  course  of  the  anthrax  infection:-  the  first  group  sums  up  the  cultural  res¬ 
ults  shortly  after  the  dispersion  of  the  spores  from  the  sit*  of  puncture—  to  4 

( 

-  hours  after  the  beginning  of  the  infeotion.Tba  second  group  is  chronologically  at¬ 
tached  to  the  first  group  and  it  lasts  for  a  different  length  according  to  the  in¬ 
dividual  course  of  infection  in  the  individual  animals.  It  is  characterised  predom¬ 
inantly  by  negative  findings  from  the  lymphatic  nodes  and  organs. (p,84)  She  third 
group  of  findings  again  distinguishes  Itself  individually  chronologically  according 
to  the  rate  of  the  course  of  the  lnfeotlous  process.  It  is  characterised  by  the  evid¬ 
ence  of  the  microbes  at  cultivation  from  the  lymphatic  nodes,  from  the  lymph  of  the 
ductus  thomcicus  and  by  the  rare  finding  from  some  Internal  organs, first  of  all  from 
^  the  lungs  and* then  also  from. the  spleen  and  the  liver,  £  The  last  group  of  findings 
is  characterised  by  th#  appearance  of  the  microbes  la  the  blood.  This  is  the  result 
of  a  collapse  of  the  defense  of  the  organism,  nod  shortly  afterwards  th*  animal  per¬ 


ishes. 


table  i. 
Cm*  over) 


i 
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5A3LE  1,|  SHOP  SIS  01  CULTURAL  FINDINGS  III  RABBITS  AND  GUINEA  PIOS  KILLED  A* 
VARIOUS  TIKE  INTERVALS, 

(HEADINGS  of  vertical  columns:  A)  Number  of  animals  killed  before  4  hours  after 

the  infection:  B):I. GROUP:  positive  cultural  findings  before  four  hours  after  the  in* 

foction;  E^2( lymph  nodes,  organs,  blood  urine);  C)  Number  of  animals  killed  from  the 

8th  hour  on  after  the  infection;  D):II,0R0UP:  Negative  cultural  findings  from  the 

6th  hour  of  the  Infection  on;  E)  III.GROUPp:  positive  cultural  findings  la  the  lymph, 

I 

lycphatic  nodes, — isolatedly  also  in  othdr  organs, with  negative  blood  from  the  8th 
hour  of  the  infection  on;  F):IV,GB0UP:  positive  finding*  in  the  blood  and  in  all  or* 
Sane). 

RABBITS;  A)  14,*  B)  minutes  after  the  infection:  5,5,10,15,15,30,30  min.,  60, 

60  and  120  min,*  C)  49.*  D)  16  animals**  hours  of  infection:  8,12,24,36,36,41,42,48, 

48. 73.73.85.87. 117. 120, and  121  hours.*  e)  ?  animals— hours  after  the  infection:  42, 
45, 45, 70, fl  72,74,120  hours;*  7)  26  animals—*  hours  after  the  infection:  41,48,48, 

48.51. 51. 55.60.63.66.721 72.72.72.72.79. 80.96.96.96.96.96. 96. 120.120. and  144  hour*. 
GUINEA  PIGS:  A)  12.*  B)  minutes  after  the  infection:  30,240  and  240  min,*  C) 

77.*  D)  44  animale— hours  after  the  infection:  7,7,7,8,8,0.11,11,11,12,12,15.15,16, 

16.16,16.25.25.26,26,28,28.29,39,39,40.40.47,47,48,48.48,56,56,56.57,57.58,58.59,59. 

,  ,,  I 

'  73, hours;  E)  11  animals**  hours  after  the  infection:  12,25,28,39,56.58,59,67,67,73,73 

hours,*  J)  22  animal s— hours  after  infections:  40,48,72,72,73,72,72,72,72,72,72,72 

72, 72,73.73,73, 80.80,120'#120.and  144  hours, 

«»•«*«» 

We  did  a  similar  research  on  guinea  pigs  which  we  injected  intredermally  with 

•  # 

20  LD  in  0.1, ml  into  the  skin  of  the  left  lover  part  of  the  abdomen, This  area  has  a 

lynrohatlc  drainage  to  the  inguinal  nodes.  From  the  first  group, shortly  after  the  in* 

fectlon(before  4  hours)  we  obtained  positive  findings  from  the  site  of  the  injeotioa 

"  ur.l  in  isolated  cases  from  the  corresponding  lymph  nodes.  In  difference  from  those 

rabbits  which  we  have  infected  eubcutaneously.in  the  guinea  pigs  after  the  intracut* 

eaeous  lufection  in  not  a  single  case  did  ve  find  dissemination  of  the  sporee  by 

the  blood  into  the  organism.  The  second  group(froa  the  4th  hour  of  the  infection  on) 

was  in  harmony  with  the  group  of  rabbits  of  similar  time  limit.  This  goes  for  the 

from 

culturally  negative  findings  both  from  the  lymphatic  nodes  and  the  organs. Only 
c  in  a  single  case  could  ye  cultivate  the  B,anthraeie  from  the ^regional  lymph  nod*  12 
hours  after  the  infection.  In  the  third  group  are  animals  in  tfon*  of  which  does  the 
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multiplication  of  the  microbes  begin  in  the  lymphatic  nodeo.and  it  comes  to  the 

first ’penetrations  of  the  bacterir.(p.85)  with  the  lymph  into  the  organism.  Thi-s  pro- 

| 

ceso  begins  by  the  25t.h  hour  after  the  infection  and  it  ia  individually  different 
according  to  the  rate  of  the  cource  of  the  infection(r»ee  Table  1).  In  8  guinea  pigs, 
v©  found  positivo  cultural  findings  only  in  the  lymphatic  ncdes(ofter  29,56,58,59, 
67,67,72, and  72  hours),  and  in  two  animals  we  found  positive  findings  la  the  lymphat¬ 
ic  nodes,  in  the  lungs,  and  the  spleen  by  25  and  28  hours  after  the  infection,  at 
which 'the  rest  of  the  organs  and  the  blood  remained  negative.  This  period  is  complete¬ 
ly  la  agreement  with  the  enread  of  the  infection  la  the  rabbits.  Likewise  the  sub¬ 
sequent  st*ge  is  also  in  harmony  with  the  corresponding  stags  ia  the  rabbits,  it  has 
an  individual  time  run, and  it  Is  characterized  by  the  appearance  of  the  microbes  in 
the  blood.by  which  the  lethal  end  of  the  infection  le  also  dated  la  a  few  following 
hours, 

yiO.lt  ITIPUJeTfCE  of  the  cells  of  the  lymphatic  nodes  noon  the  growth  of  B.aa- 
thracis.In  rotating  test-tubas  ,1a  the  preseace  of  22  million  lymph  cell*, Isolated 
from  lymph  nodes,ve  have  cultivated  100( Curve  C),  10CO( Curve  B),  and  10,00Q( Curve 
A) spores, and  after  2,4,6,10.and  20  hours.ve  determined  their  number,  The  X  axle:— 
the  period  of  cultivation  In  houre;  the  T  axis:—  the  number  of  sporee. 

at 

The  negative  cultural  phases  could  not  bo  explained  so  that  a  definite  peri¬ 
od  there  would  not  be  any  mlorobes  present  la  the  organism, It  comes  probably  to  it 
that  ia  ths  cultivated  organs  the  microorganisms  are  ia  a  smAll  number  and  during 
the  preparations  of  the  tissue  homogenates  and  their  pouring  upon  the  plates,  it 
comes  to  their  destruction,  Xa  order  to  b#  able  to  ooafirm  this  tupoosltioa  experim- 
entally.we  have  cultivated .together  with  pulverised  lymph  aodee,  50  snoree  and  we 


have  repeatedly  found  that  on  every  plate  Isolated  colonies  have  grown  only.  Tor  a 
more  profound  knowledge  of  the  dynamics  of  the  influence  of  the  lymphatic  tissue 
upon  the  spores.we  have  cultivated  different  qumntltites  of  sports  together  with  iso¬ 
lated  lymph  cells  ia  vitro.aad  by  quantitative  cultivation  we  haze  followd  up  their 

grovih(rij.l).  The  curve  with  100  spores  has  demonstrated  to  ue  that  la  the  coarse 
of  tt 

of  the  first  hours/the  cultlvatlon/cones  to  considerable  decline  of  the  eultl voted 
microbes, however  the  single  surviving  atcrobes  multiply  anew  after  a  certain  delay. 
Just  by  this  fact  clone,  the  culturally  aogatlvo  period  can  bo  exnlained;  ia  ths 
lymphatic  nodso.ioolated.oulturally  not  iatercootable  microbes  remain  only, which 
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l-it.'r  -111  "•'.It-  ily  In  th*  or^ni  sn, 

szrzzTV'rrr.r.  n?  r.vrrs  i’i-"CTlon  /l-t-h  ::;rr:rio:i  n?  spores 


5h.-*  f;r.d!n-  that  th**  **'v*r*»,lnj<vst“d  into  thn  anlrvils  iniridnraally  and  cubeut- 

rr. . sly,  rill  be  localised  at  the  region**.!  ly-ph-atlc  system,  led  us  to  the  question 

•..’..ct’.cr  va  could  e xncrlr>*»n tally  conflrn  how  the  nur.centlbillty  of  the  orgnnlsa  to  ■ 

e  i 

the  Infection  in  Influenced  directly  into  the  lyr.oi.a‘ic  cyntr-jj,  ve  carried  out  an  ! 
emerinent  in  thr*,e  groups  of  rabbits.  Ve  inject.*,!  the  first  group  with  various  aa.  j 
ou^tc  of  oaores  subcutaneously, into  the  soleen,  into  the  ljrrih,  and  into  the  p^pli-  i 
teal  nodes,  ‘•'e  have  found  that  after  the  infection  directly  into  the  lyrnnh  and  into  j 

the  lynmh  nodes, aore  anixr.la  perished  and  in  r  shorter  period  of  time  than  after  a  tub* 

» 

I 

cutuaoous  i.;f::ti:i  or  after  the  infection  into  the  spleen, (Table  2),  The  infection  | 

\ 

i 

•nroyreesel  in  the  sane  way  in  the  second  group( Table  3)  where  ve  have  compared  the 
cub cutaneous  infection  and  the  infection  into  the  popliteal  nodes,  The  infection  in-  • 
to  the  -oonli teal  nodes  had  a^ain  not  only  a  higher  Mortality  but  also  the  whole  per-  , 
iod  of  survival  was  shorter  in  contrast  with  the  subcutaneous  infection.  The  third 
rroun  in  which  the  subcutaneous  Infection  was  corpwred  with  the  infection  into  the 
rolcen,  ir.to  the  ljrrpha  end  into  the  poolietal  nodes,  likewise  indicates  that  the 
quickest  is  the  course  of  Infection  after  an  injection  into  the  ly^hatlc  eyst**( 

T-blo  4).7roa  the  nresented  experimental  results  it  can  b*  concluded:-  with  snores 
in:...*  ted, without  previous/  localisation  in  the  skin, or  under  the  skin,  directly  In¬ 
to  t’..-!  lynphatic  system,  the  infection  quickens  and  it  becomes  lethal  even  at  smal¬ 
ler  r. iub*r  of  spares* 

(Tor  Tables  3, 2, and  4  see  next  page). 

PTUAMICS  07  TUP  S??.7AD  07  ITIT7CTI0U  ST  ZTiZ  iri?£tlIC  STS77H 
:i:  SU7T?  VI  TH  AS  ARTI  FI  Cl  ALII  CSUATTl  LT’!?3C-Tfh*0*JS  CClUrilAtlOX, 
in  ord**r  to  enable  ourselves  to  folio  ■*  the  sector  of  the  develoonent  of  the 
iwfocilon  which  it  characterised  by  positive  cultures  froa  the  lymphatic  tissues  and 
Ucl  tedly  from  the  orrune.  In  the  theep  ve  have  surgically  prepared  a  lyrpho-ven- 
c~5  -  otu’.-.  i.hare  ve  have  taken  lymh  at  regular  inti-rrula, 

In  cil  experiments  ef  rnlmals  ve  have  cultivated  the  -icroteg  fro*  the  lyroh, 
to  l* jin  with.Oaly  10-  to  16  hours  after  the  first  findings  of  microbes  in  the  lyt^h 
hid  it  core  to  a  positive  culture  In  the  blood (Table  5),  After  ths  initial  growth 
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|  ?ABl*  2l  SUSCTPTIBIIITY  FATBITS  TO  VARIOUS  VATS  CF  IViTCTin. 


!  n) 

*) 

c) 

d) 

METHOD  OF  prrECTT«!T 

ETHER  0?  SPOBES 

KUMBFR  or  V AO" IS. VIED 
PFR  EU.'SER  OP  DEAD 

SUR7I7SL  IS 
HOURS 

subcutaneous 

800 

3/1 

120 

8000 

3/2 

120.143 

epleea 

8000 

3/2 

96.144 

lyaph 

500'  'j 

3/3 

98,  l:\0.V4 

80 

3/2 

44,79 

800 

3/2 

54,58 

8000 

3/3 

38,48,58 

popliteal  node  left 

eo 

3/2 

70,81 

800 

3/2 

37,62 

8000 

3/3 

44.62,64 

TABLE  3:  SUSCEPTIBILITY  OP  EAB3ITS  TO  VARIOUS  VAY 3  0?  irTECTIOS 


(  subcutnneone 
popliteal  nodes 


400 

4000 

400 

4000 


5/0 

5/* 

5/2 

5/5 


28,28.42.42.66 


SABLE  41  SUSOTTIBIUTT  0*  RABBITS  TO  VARIOUS  KAYS  OP  IVFKCTIOS. 


lntra  cutaneous 

10 

6/0 

. 

50 

5/1 

91 

600 

5/3 

61,91,91 

5000 

6/3 

34,36,52 

spleen 

10 

5/0 

a* 

1 

50 

5/0 

• 

50C 

5/2 

52,66 

6000 

5/4 

53.54,54,85 

lypoh 

10 

5/0 

m 

50 

5/1 

54 

500 

5/3 

72,72,74 

5000 

5/5 

37,42,  53, 5*., 54 

pool! teal  node 

10 

5/0 

«• 

50 

5/0 

m 

500 

5/4 

29,51,66.66 

5000 

5/5 

26,27,23,35.51 

TABLE  6l  CULTURAL  result*  froa  l/vph  and  blood  ia  abeep  with  a  created  lyapho. 
eoaous  cocsunlcatloa.  (cXfffetl  headlines:  a)  ordinal  nunber  of  *he*p;  b)  hours  of 

hdCx 

lafoctloa;  o)  Material  froa  which  culture  has  beea  aids} Words  la  Rubric  b),froa 
top  to  bottoai  l)  died  at  59tb  hour;  2)  died  at  6let  hour;  3)  the  ljrapho-eeaou*  can- 
aula  becaae  obstructed  at  the  18th  feour  after  the  lafoctloa;  died  at  the  54th  hour; 
4)  died  at  the  64th  hour;  5)  died  at  the  52nd  hour..  WORDS  ia  rubric  e):  lpaph  aa 
blood (and  eo  oa  alternately). 


FIG. 2:  'JS:r3~a  of  bacteria  la  tho  lyrph  and  the' blood  la  sheep  So. 4  la  the  roar, 
ae  c T  the  lafoctloa.  Dotted  lloe  ...  auabrr  of  olcrobet  la  the  lysph;  «m.  full  line: 
Auiucr  of  alcrob^e  la  the  blood.  The  end  of  the  cures  signifies  the  death  of  the 
sheep, The  x  axle i  houre  after  lafeotlea;  the  T  axle:  auaber  of  slcrobes  la  1  el. 
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?I0.3s  HtTS'-a  of  microbe*  In  the  lyeph  *od  Mood  of  TJo.5  sheep  In  th*  court*  *f 
the  infection.  "Dotted  line-  -  -  nunber  of  Mcrcbee  in  the  lyrmh;  full  lino-.-  number 
of  microbe*  in  the  blood,  The  end  of  the  <yrnn h  meant  the  doath  of  th*  sheep,  Th* 

X  axioi  hours  after  infection;  the  T  nrio;  the  number  of  microbes  in  1  ml. 

«•«*•*» 

C text, coat.).,. the  number  of  microbes  was  maintained  in  the  ly.^ph  up  to  the  lethal 
end  of  the  infection  substantially  at  euqal(equal)  heigh t.On  the  contrary,  th*  number 
of  aicrooee  in  the  blood (appearing  with  deuly.in  comparison  with  the  lymph)  hat  been 
continuously  steeply  increasing  up  to  tho  tine  of  de&th(7ig,2  and  3).  8/  this  exper¬ 
iment  we  corroborated  that  it  comes  to  tho  spread  of  infection  after  the  aultiplleo- 
tion  of  the  microbes  in  the  regional  lyttph  nodes,  from  where,  with  the  lyaph  and 
with  a  swoop  into  the  vinous  river  bed.it  arrives  at  the  internal  orgeat. 

DISCUSSION, 

It  is  known  that  the  lymphatic  system  and  most  of  all  the  lymphatic  nodes  ars 
a  very  important  filter  for  the  microorganism*  and  for  other  corpuscular  heterogen¬ 
ous  oariiclst(>-  rXD I  &  VIOLA.  1899;  DBIIKER.TIILD  &  VALD.1934;  VIDDICOXBI^UCHLS 
A  :>A7.1S&).  Chiefly  by  immunisation, this  barrier  capability  of  th#  lymphatic  codes 
J.s  continuously  raised, and  it  is  considered  a»  on*  of  the  chief  defease  reactions 
which  protect  against  th#  spread  of  the  inf  votive  ■lcroorganlts*(Si3/jl9  1  SLATJUJSKA 
12-iL).  In  contrast  with  thls.ws  find, however,  that  th#  majority  of  tho  nnth'genie 
microorganisms  is  first  of  all  bolding  faet  in  tho  ly«.r*h*tlc  system,  where  sftervarda 
they  multiply  in  the  lymphatic  nodes (lymphadenitis  tuber eulo ta,bruc*llp*a, tulareai- 
ca,pestls,ste.)  Such  facts  lead  a  few  workers  to  th*  ooaelustoa  that  the  rothogmlo 
microorganisms  have  be  cow#  adapted  to  the  exploitation  of  the  aetabolio  process  of 
the  lymphatic  tissue*  and  they  utilise  It  to  their  reproduetlon(PLAXFLVS,19&&).Tbs 
two  ideas  seeaicgly  contradictory  to  each  other  are  however  fully  Identical.  They 
express  tho  dynamic  correlation  of  the  defenr*  of  tho  orgenitm  and  of  tho  pathogen¬ 
ic  aciton  of  th*  microbe.  They  show  tbs  importance  of  the  lymphatic  tissues  for  th* 
pathogenesis  and  on  th*  other  hand  the  necessity  of  th*  modification  of  their  c*ta» 
boll  on  In  the  course  of  th*  iceunlcatlon  process. 

Our  work  presents  a  direct  evidence  for  the  lyv photic  pathogenesis  of  anthrax 
Infection  on  the  ground  of  Investigation*  of  the  Ayna  lc  Infectious  process, and  it 
enables  us  to  create  for  ourselves  an  Idea  about  Its  course.  Shortly,  after  the  nan- 
otratlon  of  th*  scores  into  th#  tissue*.  it  comes  portly  to  their  distribution  along 
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tb«  ortf&nita  by  the  bleed  vessel!,  chief ly  however,  und  tt-is  it  i<nportant  for  the 

» 

further  development  oi  the  infection,  to  the  oetllecirnt  of  the  scores  the  region¬ 
al  lymph  roles  by  th«  lymphatic  pnthvoyo.ihc  blood  delivery  of  the  infection, record¬ 
ing  to  oar  finttlnge,  bu*  no  great  importance  for  the  pathogen* nis  itself.  nince  in 
order  to  an  infection  pith  the  insertion  of  spores  directly  into  the  bleed 

•trfifiM,wo  have  to  uce  ten  tinea  larger  doses  then  at  the  injection  into  the  okin. 

Au  wo  are  also  showing  in  thic  work,  the  snores  which  have  be-n  localized  in  the  lym¬ 
phatic  systrn.are  partly  killed  by  the  inhibition  from  the  tiesuesi  poer.ibly  of  pen- 
tid  nature— -C&)? 'AP.'f  IE  , WATSON  &  BLOCK,  194?).  After  adding  the  enures  to  tie  sue  homo¬ 
genates  in  vitro, and  after  an  instantaneous  cultivation  it  comet  to  a  lowering  of 
the  nurnoer  of  the  cultivated  microorganisms.  It  is  possible  that  we  do  not  get  held 
of  isolated  vegetative  forms  or  spores  of  3.anthr&cie  which  have  settled  in  the  lym¬ 
phatic  system,  and  thus  we  get  periods  which  are  culturally  negative.  The  Isolated 
micro organisms  which  are  preserved  in  the  lysohatic  system  begin  to  multiply  with  de¬ 
lay, but  by  the  simultaneous  production  of  toxic  substances  which  attenuate  the  bac¬ 
tericide  capabilities  of  the  organ isn(STEB2L,TJOTA  A  L*SG,1966).  The  aimultaneouc 
creation  of  toxic  substances  has  been  experimentally  supported  by  HASKIS-S&TH  and 

i 

other 9(1957)  who  succeeded  already  after  a  5-hovr  cultivation  in  vitro  to  find  the 
production  of  the  toxin  of  B.anthracis,  This  toxic  matter  has  undoubtedly  a  decisive 
influence  upon  the  defense  of  the  organism  in  the  sense  of  a  further  reproduction  and 
penetration  of  the  reproduced  microbes  through  the  lymphatic  barrier,  The  mltioli- 
cation  of  the  microbes  is  manifested  by  the  first  positive  culture  of  the  sample 
from  the  lymph.  In  this  period  ve  got  hold  of  microbes  in  rabbits  and  in  guinea  pigs 
and  both  quantitatively  and  temporally  at  the  lyctpho-venous  fletula  in  the  sheep.  The 
nicroorgnniams  which, after  getting  loose.bav#  arrived  f:om  the  nodes  with  the  lyrph 
to  the  venous  stream,were  fished  out  from  the  blood  by  the  bearest  tissues  as  fll- 
uorc— —  such  as  the  lungs;  therefore,  in  our  material, there  are  cultural  findings 
which  reycuta  themselves  n  few  times  simultaneously  in  the  lymph  and  la  the  luege, 
?or  the  further  excess  of  microorganions, washed  out  by  the  lymph  into  the  blood, 
there  tire  also  set  up  other ,very  highly  effective  filtering  organs—  ths  spleen  and 
the  l'.ver.Iu  this  time  the  blood  was  culturally  negative.The  number  of  microbes  in 
the  lymph  h:*a  remained  nil  the/  time  essentially  equal, and  this  is  pointing  to  a 
running  leap  of  the  microbes  multiplying  themselves  at  the  periphery  of  the  blood. 
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In  cue:,  n  p*  riod,it  corrC  already  both  to  a  nuMb*r  of  microbe*  e»«  In  tb*  or/-** 
ir.  vhic.-.  ft-t  held—  in  the  lungs,  the  e'-leen  and  the  liver,  and  to  &  production 
of  f.  Ur.-t  g^oust  of  toxin  which  directly  efiects  ccth  the  defensive  capacity  of  the 
lsukocy-i*  znd  their  cloning  effect  upon  the  microbe  AaD  the  cleaning  factor*  of 
the  blood  s*rj»($!EaZL,ffft/KSA,&  LA'.'C  1=56)  .A’- though  it  looks  that  the  last  arising 
of  bactTlesia  in  the  ore-rortal  neriod  it  the  consequence  of  a  pow-rful  aultlplica- 
tion  and  cor*ad  of  the  microbe*  just  in  these  secondarily  infected  internal  organs, 
the  possibility  is  still  unexplained  whether  it  comes  also  ho  direct  washing  out  of 
the  microbe*  from  the  node*  into  the  venous  *tr«&ai{'»rtD'M3,l:'JBIS  et  al. ,  1956};  to 
this  problem  further  attention  must  be  still  paid  in  the  future. 

An  indirect  proff  that  the  death  proper  is  not  caused  by  the  quantum  of  microbes 
but  probably  by  a  shock  me chanism( SMITH  et  al,,  1955)  are  the  finding*  that  bacteria 
er.i.i  of  the  animals  dying  from  an  anthrax  infection  is  not  always  of  each  an  extent 
that  the  number  of  the  microbes  could  cause  injury  to  the  organs  or  biochemical  chan¬ 
ges  or  nn  anoxia  of  the  tissues  no  it  has  been  supposed  earlier(CBO"ARII?.  et  nl,, 

1948;  XS??I?  et  al.,1555;  TETXA  et  al.1956), 

1,  VV  hnve  inveitigated  the  upreed  of  the  anthrax  infection  by  mean*  of  quan¬ 
titative  cultures  from  the  site  of  the  injection,  from  lymphatic  nodes,  frem  the 
blood,  and  from  the  organ*  after  inoculation  of  the  spore*  subcutaneously  and  intra- 
derrally.  Already  shortly  after  the  inocu3ation(after  4  hours)  the  cultural  findings 
heve  been  negative.  In  the  further  phase  of  development  of  the  infection,  however, 
ve  have  ceugfct  microbes  in  the  regional  nodes,  in  the  lymph,  and  in  case  of  larger 
reread  of  the  infection,  already  even  in  the  lunge  and  in  the  spleen.  Only  in  the 
luct  stage  of  the  infection  doe*  it  come  to  the  appearance  of  the  microbes  in  the 
blood  and  wish  that  to  a  positive  culture  from  all  tissues  of  the  body. 

2,  be  have  found  that  after  the  injection  of  various  doses  of  spores  directly 
into  the  lynph  nod  es,T.»eri  shoe  ,in  comparison  with  the  subcutaneous  infection,  a  larg¬ 
er  ,'jAount  of  animals  at  lesser  done  and  in  a  shorter  time.  The  infection  into  the 


lymphatic  tissues  and  intraderrally  has  an  almost  eetu-.l  effect, 

3,  The  dynamics  of  the  spread  of  the  microbes  by  the  lyranhatie  system  has  boon 
currently  found  after  the  creation  of  a  permanent  lymoho-venous  connection  in  the 
sheep. Wo  have  shown  in  all  investigated  mimls  the  prepence  of  microbes  in  the  lymph 
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about  10-15  hours  earlier  than  in  the  blood. 

i 

The  finding*  indicate  the  importance  of  the  lymphatic  tissue  for  the  develop¬ 
ment  j  of  inf ectlon, and  they  are  the  foundation  for  the  creation  of  the  concent  of  the 

pathogenesis  of  anthrax. 
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